Objective: To investigate the diagnostic value of CT colonography for the detection of colorectal polyps.
Bowel Preparation
We divided the 113 patients who underwent both studies into two groups according to the method of bowel preparation. The first group performed bowel cleansing with fecal tagging while the second group had only bowel cleansing. The fecal tagging group was comprised of 50 patients, and non-fecal tagging group had a total of 63 patients.
In the fecal tagged group, patients consumed 250 ml of a barium solution (2% by weight) three times after every meal for fecal tagging, and 90 ml of sodium phosphate (Colclean; Taejoon Pharmaceuticals, Seoul, Korea) one day before the examination. In the non-fecal tagged group, patients consumed only the 90 ml of sodium phosphate prior to the examination.
CT Colonography
All patients received a 10 mg intramuscular injection of scopolamine N-butylbromide (Buscopan; Boehringer Ingelheim, Ingelheim, Germany), unless contraindicated, prior to CT acquisition. After the insertion of a small flexible rectal catheter without a balloon, pneumocolon was achieved by the use of an automatic inflator (Teleflator; Kaigen, Osaka, Japan). Approximately 1,400 1,600 ml of room air was insufflated into the colon. CT scanning was performed with a 16 channel multi-detector row CT scanner (Mx8000 IDT, Philips Medical Systems, Best, The Netherlands). Scanning parameters for CT colonography were as follows: beam collimation, 16 1.5 mm; reconstruction interval, 1 mm; pitch, 1.2; gantry rotation time, 0.75 second; table speed, 36 mm/sec; 120 kV; and 180 mA. Acquisition time ranged from 12 to 14 seconds.
No oral contrast agent was administered. Patients were scanned in the prone position without contrast media enhancement and in the supine position after intravenous injection with 150 ml of iopromide (Ultravist 320 Schering, Berlin, Germany). Iopromide was injected with a power injector at a rate of 3 ml/sec through an 18-gauge needle inserted in the antecubital vein. After a scan in the supine position was obtained, an additional scan was obtained in the right or left decubitus position in most patients depending on the presence of any collapsed segment. The decubitus position is helpful in case that bowel distention is not adequate in the supine or prone position.
Image processing and interpretation were performed with the use of a CT colonographic system (Rapidia, version 2.8, Infinitt, Seoul, Korea). This software program generates automatic navigation and shows threedimensional endoluminal images and two-dimensional axial, coronal and sagittal images on a single screen.
Three radiologists interpreted the CT colonography and the CT colonography was interpreted with 3D and 2D images. We detected polypoid lesions primarily on 3D images and then differentiated true polyps from fecal material on the 2D images. Polyps were recorded according to segment location in the colon (cecum, ascending colon, hepatic flexure, transverse colon, splenic flexure, descending colon, sigmoid colon, and rectum). Each of the segments was subdivided into proximal, mid and distal portions. The diameter of detected polyps was measured in the 3D images by use of an electrical caliper. The size, number and location of individual polyps were recorded, although the shape of the polyp was not described (except for flat lesions).
Conventional Colonoscopy
Gastroenterologists performed conventional colonoscopies. A standard video-compatible colonoscope (EC 3831M, Pentax, Japan) was used. The gastroenterologists were aware of the preceding CT colonography results before performing a colonoscopy. All patients had a complete colonoscopy completed within 20 minutes without sedation. Polyps were photographed and were measured with the use of a calibrated linear probe or by visual estimation. The colonoscopist scored polyps with respect to size, number, and location (cecum, ascending colon, transverse colon, descending colon, sigmoid colon and rectum). Each of the segments (except for the cecum) were subdivided into proximal, mid and distal portions, and the morphology was categorized as pedunculated (Ip), sessile (Is), sub-pedunculated (Isp), or flat (II-a, b, c). Based on the criteria of the Japanese Research Society Classification (JRSC), Ip lesions were defined as those with a distinct pedicle, Isp lesions had a clearly defined neck but no distinct stalk. Sessile lesions were defined as having no stalk or pedicle evidence and having a diameter less than or equal to twice the height. Flat lesions were defined as having a mucosal change with a flat or rounded surface combined with a height of less than one-half the diameter of the lesion (13, 14) .
Analysis
The results of conventional colonoscopy that followed CT colonography (and benefited from its use) were considered as the reference standard. The polyp sizes were subdivided into polyps 5 mm or less in diameter, and polyps more than 6 mm in diameter. Polyps more than 6 mm in diameter were individually sized by use of the CT colonography electrical caliper if the polyp was detected by use of both procedures, but when a polyp was detected only by conventional colonoscopy, the colonoscopic measurement was accepted.
The polyps detected by CT colonography and by conventional colonoscopy were considered as the same lesion if their sizes were within 50% and if they were in the same or adjacent segments.
The sensitivities of CT colonography with regard to identifying polyps were evaluated in all 113 patients. To evaluate whether there was a significant difference in diagnostic criteria (sensitivity and positive predictive value) within the fecal tagging group and non-fecal tagging group, the independent samples t test was used. For this test, a p value of 0.05 or less was considered statistically significant. For the false positive and false negative results, radiologists retrospectively reassessed the CT colonography. Table 1 summarizes the total polyps discovered by conventional colonoscopy in the study population. A total of 113 of the 399 patients who underwent both procedures were found to have polyps more than 6 mm in diameter. In 87 of the 113 patients, a total of 114 polyps more than 6 mm in diameter were detected by conventional colonoscopy. In 107 of the 113 patients, 132 polyps more than 6 mm in diameter were detected by CT colonography.
RESULTS
In 84 of the 87 patients, a polypectomy was performed for 105 of the 114 polyps detected by conventional colonoscopy. Three patients with polyps refused to undergo the polypectomy. The pathological findings for the 105 polyps removed included: adenocarcinoma (n = 9), adenomatous polyps (n = 78), hyperplastic polyps (n = 6), hamartoma (n = 3), serrated adenomatous polyps (n = 2), chronic inflammation (n = 3), mucosal tag (n = 1), villoglandular polyp (n = 1), carcinoid (n = 1) and lipoma (n = 1). One patient was found to have a hepatoma as a major extracolonic disease. Table 2 summarizes the results of the CT colonography, including the sensitivities and positive predictive values per polyp. The sensitivity and positive predictive value of CT colonography for polyps more than 6 mm in diameter were 89% (101/114) and 77% (101/132), respectively. The sensitivity and positive predictive value of CT colonography for polyps more than 10 mm in diameter were 91% (41/45) and 87% (41/47), respectively. Table 3 summarizes the results of the CT colonography in the fecal tagging group and non-fecal tagging group. For the fecal tagging group, the sensitivity and positive predictive value of CT colonography for polyps more than 6 mm in diameter were 79% (45/57) and 82% (45/55), respectively; for polyps more than 10 mm, the sensitivity and positive predictive value were 82% (14/17) and 93% (14/15), respectively.
Sensitivity and the Positive Predictive Value of CT Colonography for Polyp Identification in the 113 Patients

Sensitivity and Positive Predictive Value of CT Colonography for Identification of Polyps in the Fecal Tagging Group and Non-fecal Tagging Group
In the non-fecal tagging group, the sensitivity and positive predictive value of CT colonography for polyps more than 6 mm in diameter were 98% (56/57) and 73% (56/77), respectively; for polyps more than 10 mm, the Yun et al.
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Korean J Radiol 8(6), December 2007 sensitivity and positive predictive value were 96% (27/28) and 84% (27/32), respectively. A comparison of the sensitivities for the fecal tagging and non-fecal tagging groups showed that sensitivity was improved in the non-fecal tagging group and statistically significant (p < 0.05). However, a comparison of the positive predictive values between the two groups showed that the difference was not statistically significant (p > 0.05).
Morphology of the Polyps
The morphology of 114 polyps were as follows: 21 pedunculated polyps, 40 subpedunculated polyps, 39 sessile polyps, 12 flat-elevated lesions, and two flatelevated lesions with central depression. The missing rates according to morphology were polypoid (5%, 1/21), subpedunculated (8%, 3/38), sessile (17%, 7/41), and flat elevated or flat-elevated with central depression (14%, 2/14). Two of the 14 flat lesions were adenocarcinomas (Fig. 1) . Table 4 reviews a follow-up of the false negative findings of the CT colonography findings for polyps more than 6 mm in diameter. Thirteen polyps more than 6 mm in diameter were not initially detected by CT colonography in 11 patients. Upon careful review of the digitally recorded CT colonographies, six polyps were detectable, which represented interpretation errors. One of the six polyps was 2.0 cm in diameter and peduculated, causing movement during positional changes. Even with the large size, pedunculated polyps could be misinterpreted as fecal material or fluid due to their ability to move. Two of the six polyps were a flat-elevated lesion and a sessile lesion, which were not easily perceptible lesions identified on retrospective review. The remaining three lesions were easily detectable on retrospective review, which represents purely an interpretation error.
Retrospective Analysis of False Negative Lesions seen on CT Colonography
Yun et al.
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Seven polyps were not detectable during the retrospective review. The presumptive causes were as follows: suboptimal bowel distention (n = 3), excessive barium coating (n = 3), and flat characteristics of the lesions (n = 1). In one patient, three polyps were missed due to an excessive barium coating of the ascending and transverse colon and were not detected in the retrospective review. One flat lesion was not detected in the retrospective review of the CT colonography without any other reasonable cause.
Retrospective Analysis of False Positive Lesions seen by CT Colonography
Thirty-one pseudopolyps more than 6 mm were detected in 27 patients. The causes for false positive findings on CT colonography were as follows: appendiceal base elevation (n = 1), seed (n = 1), fecal materials (n = 29). An elevation of the appendiceal base due to pelvic adhesion was misinterpreted as a cecal polyp (Fig. 2) .
DISCUSSION
The development of multi-detector row CT has spawned a new era of the use of CT colonography as a promising tool for the evaluation of colorectal polyps and cancer. However, CT colonography has not yet been proven as a sensitive and specific method for the identification of colorectal polyps and cancer detection. Many studies have been performed in an effort to validate the accuracy of CT colonography, but the reported sensitivity and accuracy of CT colonography has been quite variable. Consequently, the usefulness of CT colonography is still controversial.
A study by Van Gelder et al. reported that the sensitivity of polyp detection by CT colonography was 76% for large polyps (more than 10 mm), 70% for medium sized polyps (6 9 mm), and sensitivities per patient for large and medium polyps was 84% and 78%, respectively (3). Cotton and his colleagues reported disappointing results for CT colonscopy, in which polyp sensitivity was only 55% for polyps more than 10 mm (4). For lesions more than 6 9 mm in diameter, the sensitivity was merely 39% (4). However, a recent multi-center study reported by Pickhardt et al. (1) found a higher sensitivity and specificity with CT colonography than in previous reports.
Pickhardt reported CT colonography sensitivities of 89% and 94% for adenomatous polyps more than 6 mm and more than 10 mm in diameter, respectively (1). Contrary to the previous studies, non-adenomatous polyps were excluded from the statistical analysis, and bowel preparation was done with laxatives followed by solid fecal tagging by barium and liquid opacification with diatrizoate meglumine and diatrizoate sodium (Gastrografin) (1).
In our study, polyp sensitivities for polyps more than 10 mm in diameter and polyps more than 6 mm in diameter were 91% and 89%, respectively. We included both adenomatous and non-adenomatous polyps and only stratified the lesions by the size of the polyp.
Four reasonable explanations for the false negative results found in our study were as follows: interpretation errors, the bowel preparation methods utilized, suboptimal distention during examination, and the morphologic characteristics of the polyps.
In early CT colonography studies, fecal residue was the major cause of false positive findings, limiting the clinical application of CT colonography. To overcome this problem, fecal tagging with barium was introduced and has since been widely used. Lefere et al. reported that the fecal tagging with barium reduced false positive results and improved specificity (15, 16) . In one report, a comparison of the overall sensitivity and negative predictive value in the non-fecal tagging group versus the fecal tagging group indicated that the observed differences were minimal and not statistically significant (15) . In our study, 50 of 113 patients had undergone bowel cleansing with fecal tagging and 63 patients had only undergone bowel cleansing. For polyps more than 10 mm, the sensitivity was increased in the non-fecal tagging group (96%) than in the fecal tagging group (82%) and was found to be statistically significant (p < 0.05). However, the positive predictive value for polyps more than 10 mm was higher in the fecal tagging group (93%) than in the non-fecal tagging group (84%), but the difference was not statistically significant (p > 0.05). By use of the fecal tagging technique in our study, false-negative results were greater.
Limited fluid intake and fecal tagging with barium causes a "dry-dirty bowel", with so-called "dry-dirty" cleansing. Dry cleansing for CT colonography allows for sufficient bowel insufflation and eliminates "blind" areas caused by intra-luminal fluid. We did not subtract the electrical signal caused by intra-luminal fluid. Positioning of the patient usually removes the fluid and compensates for the blind spots. Colonoscopists generally favor "wet cleansing" to dry cleansing because sufficient fluid intake on the day of examination leads to more complete bowel cleansing and intra-luminal fluid can be easily aspirated out during colonoscopy. In our opinion, wet cleansing without barium fecal tagging would likely provide more effective bowel cleansing.
In CT colonography, fecal tagging can produce false positive and false negative results. This can occur during the post-contrast enhanced scans, and when the colonic segment is collapsed in the pre-contrast enhanced scans. During these conditions, it is difficult to differentiate the barium-containing fecal material from an enhancing polyp. In some cases, excessive barium coating of the colon can obscure the image of small polyps. In fact, one patient in our study had three polyps (6 10 mm in diameter) in the ascending and transverse colons that were obscured on CT colonography by barium coating of the endoluminal surface. We believe it is easier to differentiate polyps from fecal material by contrast enhancement for polyps more than 6 mm in diameter without using fecal tagging.
Recently, CT colonography without cathartic preparation has been studied and has been reported by several groups (17 19) . One report by Iannaccone et al. showed that the sensitivity of CT colonography without cathartic preparation was 96% for polyps more than 8 mm and 86% for polyps more than 6 mm in diameter (17) . In the study, only an oral contrast agent (diatrizoate meglumine with diatrizoate sodium, total dose of 200 mL) was used for fecal tagging. Lefere and his colleagues have reported that fecal tagging with 50 ml of barium (40% w/v) and a low dose cathartic agent are effective for CT colonography (16) . However, more studies are needed before clinical application of non-cathartic CT colonography is accepted.
The "miss rate" of CT colonography and conventional colonoscopy for colorectal polyps and cancer have been closely examined and studied by radiologists and colonoscopists (20 24) . Many colonoscopists are interested in flat and depressed lesions as a larger number of these lesions have high-grade dysplasia and focal cancer (13, 25, 26) . Rembacken et al. reported that a total 327 adenomas were found in 1,000 patients who underwent colonoscopy (25) . Their study found 119 (36%) flat lesions and four (1%) depressed lesions, while 20 (16%) of 123 flat or depressed lesions had severe dysplasia or Duke-A carcinoma foci (25) . Park et al. reported that flat and small polyps are the two main causes for missed (non-detected) lesions on CT colonography (20) . In their study, 29 of 63 lesions were missed (46%) and all three flat lesions more than 10 mm in diameter were missed (20) . In our study, nine polyps (69%) of 13 missed lesions were sessile (n = 7) or flat-elevated lesions (n = 2). Sessile and flat lesions are not easily detectable despite thorough bowel cleansing or adequate distention and barium or fecal materials or fluid can easily obscure them. One flat lesion was not detectable in the retrospective review of CT colonography without any other cause such as inadequate bowel preparation or suboptimal bowel distention. Two sessile polyps abutting the colonic folds were initially missed on CT colonography and were not easily detectable even on the retrospective review.
It is worthy to note that colonoscopists normally have difficulty detecting small flat lesions. Regardless of technique, careful examination and experience is helpful for detection of the flat lesions.
Our study has several limitations. We adopted conventional colonoscopy as a reference standard, so possible false negative results from conventional colonoscopy could be considered as false positive results for CT colonography. Because we retrospectively analyzed CT colonographies and follow-up colonoscopies in patients who had polyps more than 6 mm in diameter, there may have been some bias in patient selection. In most cases, the colonoscopist did not use an endoscopic ruler, so measurements of polyps only detected by conventional colonoscopy may have been misrepresented.
In conclusion, CT colonography appears to be a valuable screening method. Adequate bowel preparation and distention, along with clinical experience are needed to reduce the rate of missing lesions.
